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Introduction
A rationale for public investment in rural roads is that poor households can better exploit agricultural and non-agricultural opportunities to employ labor and capital more efficiently.
However, roads are long term investments and may take several years to complete. As a result, the immediate and longer-term policy implications of rural road improvements may differ substantially.
For example, time may be required for markets to develop around new roads, and thus the benefits to employment and consumption may not appear until several years after the project. On the other hand, initial spikes in earnings opportunities may occur in areas with better access to markets and other public facilities, but may fall back over time as increased migration and labor supply catch up with demand. Price fluctuations and changes in transport costs that emerge in the short run may also revert after a few years.
Few studies, however, have examined how impacts of these types of public infrastructure programs evolve over several years. Even with well-designed, long-term panel data, unobserved community characteristics such as political influence and local norms can influence project placement and evolution in a locality. One may assume these unobserved factors are fixed only over a short period of time, but as different outcomes evolve and interact with one another over the lifetime of the project this assumption is less likely to hold. Infrastructure investments like roads in particular are also typically widespread and subject to spillovers and migration; even where project and control areas are separated in the short run, it may be difficult to maintain this separation over the longer term. We examine whether rural roads generate increasing returns over time in poor areas, accounting for factors as pre-program community characteristics affecting road placement, presence of such complementary investments as electricity, institutional and market development, and other factors associated with road construction (e.g., quality and access). The study used household fixed-effects estimation, controlling for a range of pre-program village 1 Our study closely follows Jalan and Ravallion (1998), who examine the impact of a poor-area development program on growth in household consumption using panel data collected from targeted and non-targeted areas across four provinces in China. Using county yearbooks over 1980-87 and 1982 census data, they employ a Generalized Method of Moments estimation procedure on an AD(1,1) model for household consumption growth, including initial area conditions on the right-hand side, and using second and higher lags of consumption as instruments for lagged consumption to obtain consistent estimates of a dynamic growth model with panel data. 2 In addition to the RRMIMP, the 2009 study examined the effects of the Rural Development Project (RDP), another road-paving project, using a similar household panel survey of project and control villages; however the third survey round was limited to the RRMIMP project and control areas. The third round of data allows us to examine the effects of rural road development in the context of long-term changes in community-level outcomes, including expansion of local markets and other institutions. We can also examine the long-term distributional impacts of rural road improvement, given the potential for increased migration between targeted and non-targeted areas several years after road development. The third-round survey also has new data revealing heterogeneity in program implementation that can refine our understanding of the impacts from road development, including differences in the length of road paved to bitumen standard (as a measure of road quality) across project areas.
The paper is organized as follows. Section 2 reviews the research to date that has compared shorter-versus longer-term impacts of rural road investments. Section 3 discusses the dynamics of impacts of rural road investments on rural households, while Section 4 outlines the estimation approach. Section 5 presents more detail on the household panel survey and the RRMIMP. Section 6 presents the results on the average short-and long-term effects of road investment, and Section 7 presents the distributional impacts. Section 8 concludes.
2.
Short-term versus long-term welfare impacts of rural roads: What do we know?
The mechanisms tying road development to income gains and poverty reduction are highly complex and necessarily country-and context-specific. 
Dynamics of roads and household welfare
Estimating short-term versus long-term effects of a rural road development project requires an understanding of the underlying relationships between providing an improved road in a community and household-level outcomes (e.g., farm and non-farm production, marketing and transport costs, and income and non-income gains). Households in communities without a connection to a road network are likely to depend entirely on subsistence farming, in which case the hurdles and cost of marketing farm production are enormous.
With the introduction of a paved road, households typically enjoy reduced transport costs of goods and services, with a potential for substantial farm and non-farm income gains as a result of higher prices of agricultural output and reduced costs of inputs purchased from the market. They experience higher incomes and hence consumption by diversifying crop production, as well as undertaking off-farm income opportunities. Income and consumption gains may be substantial for those households who depend on the wage market because of increased wages induced by higher farm and non-farm production and labor demand. Furthermore, better roads can lead to higher school enrollment for boys and girls by reducing the travel time between home and school.
Moreover, a better road can promote technology adoption in farming and non-farming, thereby enhancing the production frontier in village economies. Thus, once a community is provided a better road connection, households can experience income growth from both farm and non-farm sectors over time, with shifts in the production frontier (Figures 1a and b) .
The income growth curve (IG 0 , IG 1 , IG 2 ) in Figure 1a depicts the locus of growth in farm and non-farm income over time with shifts in the production frontier made possible by rural road improvement. We assume that, before a road is constructed, rural households receive only income from farming (IF 0 ); with the introduction of a paved road, they also gain access to non-farm income The IG curve in Figure 1a shows that income growth eventually tapers off more for farm work than for off-farm work because of the potential diminishing returns to investment. Attenuated growth in the non-farm sector may also result for the same reasons once a saturation point is reached, given the demand for non-farm goods and level of technology. Such factors as agroclimatic endowments of a community, entrepreneurial ability of community members, and complementary public investments in electricity and markets will ultimately determine the rate of income growth to be accrued to households from farm and non-farm sources.
What does this growth in farm and non-farm income mean for rural households? It will eventually translate into higher welfare by raising both food and non-food consumption expenditure, which leads to higher welfare realized from road investments. For simplicity, we assume an initial welfare level reached by a farm household living in a rural community without a road, represented by C 0 , with a given level of food (F 0 ) and non-food (NF 0 ) consumption. With the introduction of a paved road, that farm household also adopts off-farm activities to generate additional income, leading to higher overall income. This, in turn, means a shift in the budget curve within the utility maximizing framework. If demand for non-food items increases faster than for food items, the budget curve can shift from I 0 to I 1 , resulting in a higher consumption of non-food items (i.e., NF 1 > NF 0 ) and a lower consumption of food items (i.e., F 1 > F 0 ). Of course, this is not the only possible scenario; with higher income, higher consumption of both food and non-food items might result.
With higher growth in both farm and non-farm income over time, households may enjoy further welfare increases via consumption of both food and non-food items. As the budget curve in Figure 1b shifts (e.g., from I 1 to I 2 ), households consume more food and non-food items than they did when the road was first developed. Because of higher income elasticity of non-food items compared to food items, it is possible that the overall increase in consumption of non-food is higher than that of food.
The above discussion illustrates the potential time-varying effects of such public investments as road development on income and consumption growth. Households and local economies may experience either increasing or decreasing returns to income and consumption growth due to road development over time. It is possible that some households and economies may experience higher income and consumption growth with increasing returns to private investment. In contrast, other households and communities may experience lower income and consumption growth due to decreasing returns to private investment. The issue is to verify whether and what types of households experience which rates of returns to private investment induced by public investment in roads.
Research issues and estimation approach
Differences in household and community capabilities and endowments, which often remain unobserved and difficult to measure, can affect both changes in household outcomes and program evolution. Over a longer period, unobserved heterogeneity may not be constant over time and simply controlling for initial area characteristics in a household panel fixed-effects model may not suffice to account for time-varying factors that influence how households respond to road development and its associated impacts in the local economy. One alternative approach is to use propensity score matching, combined with double-difference methods, to account for initial area characteristics that affect program targeting, as well as the trajectory of outcomes over time (van de Walle and Mu, 2011). As discussed in Section 5, however, the small number of villages in our sample (28 in all) makes it difficult to drop any targeted areas to maintain common support.
Our estimation approach, described below, uses the third round of data to address timevarying unobserved heterogeneity with a dynamic panel model (Arellano and Bond 1991 
The initial (pre-program) community characteristics in 1997,  i (that is, the unobserved effect is fixed over time), taking deviations from means in equation (1) removes the unobserved effect and yields the following differenced equation:
However, heterogeneity stemming from the unobserved household-specific effect   may not be constant over the period 
. Changes in other conditions over time (e.g., market conditions), for example, may alter the effects of household and geographic characteristics on outcomes from year to year.
On introducing dynamics and both time-invariant and time-varying unobserved effects, the model we estimate from equation (2) Equation (2) above can also be disaggregated to account for the short-and long-term effects of roads, as follows:
In the above equation,  p 1it reflects households in areas that received the project earlier (hence ˜  1 is the long-term effect of the road project). Similarly, ˜  2 is the short-term effect for households in areas that received the project later on (  p 2it ). Distributional effects can also be examined using this setup. One approach would be to examine variation in household access to the project  a it (e.g., distance to the road or road quality), expressed as:
Another approach using the dynamic GMM model in equations (2) and (3) is to see how project effects vary by household quantile/initial position  (y 0 ) in the outcome distribution (e.g., whether the outcome is expenditure or assets):
In the analysis, we examine distributional impacts through both equations (4) and (5).
Data and context
The panel data used in this study, collected by BIDS, are based on household and community surveys conducted prior to and following implementation of RRMIMP. Households in control and treatment villages were followed over the period. Also, two control roads were selected from two separate districts in the same region.
Data collection was financed as part of the road-paving projects and conducted by BIDS as part of the Bangladesh government's efforts to assess household-and village-level impacts of rural road improvements over time. The data in our study cover 1,284 households across 28 villages over the three rounds. presented for whether the difference across project and control areas in each round is statistically significant. The household outcomes we are interested in cover a broad range of household socioeconomic characteristics, including household consumption (total, food, and nonfood), asset ownership, landholdings, wage and self employment activities across farm and non-farm sectors, and primary and secondary enrollment of school-age children. We also examine market prices paid by the household for transport, credit, and basic commodities (fish, rice, pulses, and different types of fertilizer for agricultural activities). Table 1a shows some significant pre-program differences in employment and household prices across project and control households, although the magnitude of differences is not large.
Pre-program participation and growth over time in non-farm activities, for example, is significantly higher by just a few days in project households, and this does not appear to have translated into significant pre-program differences in per capita expenditure, landholdings, and asset ownership.
Price differences are also significant, but the magnitude of these gaps is not large (e.g., the average transport cost per trip is 6.1 taka in control areas, compared to 6.4 taka in project areas). However, pre-program school enrollment rates for children 5-12 are substantially higher in project areas, perhaps due to a greater (although not significantly greater) presence of primary schools in project localities at that time (Table 1b) . The change variables include characteristics of the household head (age, sex, and marital status), household size and composition, whether any household member has a chronic illness or disability, and interview season to account for potential seasonality effects on outcomes. The initial (pre-program)
conditions include maximum years of schooling among men and women aged 15 and older, whether the household head is non-Muslim, household landholdings, and total household assets.
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Looking at Table 1b , there are few significant differences in household and village-level characteristics across project and control areas prior to program implementation in 1997; project villages did have a higher incidence of electrification, although the difference is weakly significant.
6 These initial characteristics were interacted with year in the regressions. 7 Years of schooling, landholdings, and assets might be considered endogenous if allowed to vary over time, while religion of the household head is a fixed characteristic.
However, it is important to account for seasonality in the regressions; we are able to control for whether households were interviewed during the monsoon season in each round, and there are sizeable differences depending on whether the project and control households were interviewed during this time of year. Seasonality can affect responses to questions about agricultural and nonagricultural wage employment in the last month, prices, and other outcomes.
How do changes in long term outcomes (1997-2005) compared to short-term changes (Figures 3c-3d ) are also primarily focused in project areas, with the widest decreases again for wealthier households. Tables 2 and 3 present the estimation results for the average program impacts, based on the dynamic panel model outlined in Section 4. Table 2 shows the effect of receiving the program at any time, while Table 3 provides the effects across Project 1 versus Project 2 households. Many long-term community initiatives and programs can interact with road development over time so as to complicate the analysis of the true returns to rural road investment. The regressions also control for district*year interactions and initial (1997) village characteristics to account for differences across households' localities that would otherwise have affected the results.
Results: Average program impact
For comparison, the dynamic GMM results from equation (2) are also presented alongside standard panel fixed-effects estimates with and without initial household-and village-level conditions that account for initial state dependence. As discussed earlier, the dynamic GMM estimates can account for time-varying unobserved heterogeneity stemming from varying introduction of the project over the long term, as compared to the standard fixed-effects estimates.
The results in column (1) of Table 2 indicate that per capita expenditure, participation in non-agricultural wage work, schooling, and rainy season transport costs benefit most from the project overall. Specific results indicate a shift from agricultural to higher-paying non-agricultural wage work, which, along with significantly reduced transport costs, may underlie the improvements in per capita expenditure. The effects on agricultural self-employment, while not significant, are also negative. Apart from rainy season transport costs, however, other prices, including interest rates, are not significantly affected. The dynamic model also estimates the effect of the lagged outcome, which tends to have a strong positive effect on current outcomes, particularly on agricultural employment, output and landholdings. Households with high investments in agriculture therefore appear to persist in this vein, with access to the project only having a significant (and negative) impact on agricultural wage work. Results (p-values) for the Sargan overidentification test are also presented in Table 2 ; the null that the instrument set is exogenous is not rejected across outcomes.
Do project effects vary between the short and long term? Table 3 shows that, compared to indicates that access to markets may be improving, but may also generate a rise in demand that sustains market price levels. The child-enrollment results also indicate that certain public institutions, such as schools, may be more accessible with road improvements.
The standard fixed-effects estimates controlling for initial conditions (column (2) of Tables 2   and 3) are not very different from the dynamic GMM model; however, they pick out other effects, such as non-agricultural self-employment and prices other than transport costs, which disappear in the dynamic approach. As found in other studies (Jalan and Ravallion, 1998; Khandker et. al., 2009), initial state dependence has a significant role in the estimation, reflected by the differences in the fixed-effects estimates with and without these variables.
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Using the smaller available sample of project and control households between 1997 and 2001, Khandker, Bakht, and Koolwal (2009) also find substantial reductions in transport costs, improvements in per capita expenditure and schooling, as well as a shift to non-agricultural wage work in the RRMIMP area. These can be considered short-term effects, similar to the Project 2 effects shown in Table 3 . The long-term results presented here, however, indicate that, except for employment, these effects diminish over time.
Results: Distributional program impacts

Access and quality
We examine the distributional impacts through various approaches. First, following equation (4), we relax the assumption in the previous section that RRMIMP has a homogeneous effect on households across all project areas. Variation in such project characteristics as quality of paving and timing of completion will likely affect the benefits households receive across project villages. The new round of the BIDS data has additional variables on road access (distance to the project road) and quality (share of road paved to a bitumen surface) over time, which we include in separate regressions to examine heterogeneity in program impacts. Tables 4 and 5 use the BIDS data on road access and quality to illuminate some of the distributional impacts of road development, as well as the mechanisms by which household outcomes are affected. Table 4 presents results that interact project status with household distance to the project road, while Table 5 considers effects from the proportion of the road that was surfaced to a higher quality paved standard.
As expected, being located further from the road detracts from the positive project impacts on non-agricultural wage work, schooling, and transport costs (Table 4) . Controlling for distance and distance squared also strengthens impacts on assets and transport costs (including dry season as well as rainy season costs). Interest rates are substantially higher as distance to roads increases, and market prices of such staples as fish and fertilizer actually fall, albeit slightly, as distance from the project road increases, indicating further that market demand is likely higher in project areas. Table 5 shows that improvements in road quality also explain much of the increase in per capita expenditure from road access (including both food and non-food sources), and also leads to higher asset ownership, as well as primary-age girls' schooling (Table 5 ). Since the overall project impact has no effect on assets and non-food expenditure (Tables 2 and 3) , quality of infrastructure appears more relevant for these outcomes than simply having any type of access. However, prices (such as dry season transport costs and market price of rice) actually rise with improved road quality, indicating that other demand-side factors may be at work in areas with better quality roads.
Quantile effects
Similar to traditional quantile regression approaches, we next examine the effect of the road project by households' initial position in the distribution of the outcome. We do not explicitly use a quantile regression framework because of the difficulties in using quantile regression techniques with panel data and the added need of this study to account for time-varying, unobserved heterogeneity.
We resolve these issues in Table 6 by applying the dynamic GMM approach in equation (5) separately for each quantile of the initial outcome distribution. 11 Specifically, we break up the sample of households into quantiles based on their initial distribution of each outcome, and run the dynamic model on each quantile. Results are presented for per capita expenditure, assets, and agricultural production.
The results in Table 6 Table 3 that gains to total household per capita expenditure are substantial, but have attenuated over the course of the project (Table 3) . Increases in non-food per capita expenditure and assets, on the other hand, have tended to occur over the long term.
Earlier results from Khandker, Bakht, and Koolwal (2009), based on a smaller available sample from the first two BIDS rounds, found somewhat different results; that is, households at the poorest end of the distribution benefitted the most from road development. If we limit the augmented sample in this study to the original sample used in Khandker, Bakht, and Koolwal (2009) and apply the new dynamic GMM approach, we similarly find that the poorest households in this sample achieve larger gains. 12 However, we believe that the results presented in this paper are more reliable, given the power from the additional sample. We also compared the average program effects using the GMM framework when we restricted the sample to the original sample used in the 2009 study. In these results we found that the short-term and long-term effects were similar to this study (e.g., increases in per capita expenditure, a shift towards nonfarm wage employment away from agricultural wage work, improvements in child schooling enrollment, and a reduction in transport costs).
Discussion and conclusion
Few studies have examined how rural road impacts evolve over time. Roads are inherently long-term investments, and multiple factors may affect returns to roads, including initial area characteristics, road quality, and changes in complementary infrastructure (such as electricity access, for example). Lower transport costs and market development, for example, are two major changes expected from rural road improvements. However, these outcomes may improve at different rates over time and may interact with each other differently over both the short and long run. For example, transport costs might fall much faster initially before new markets spring up but still lead to quicker growth in markets with greater mobility of labor and goods. Conversely, growth in markets may lead to a further decline in prices and other costs due to competition. However, with better quality products and modes of transport, the decline in prices and costs may not be sustained in the long run.
Because of these issues, it is essential that data have enough variation in pre-program conditions and policies across targeted and non-targeted observations-covering a long enough period of time with sufficiently disaggregated information on sources of income generation-to be able to link the long-term effects of rural road development to household outcomes and welfare of the poor. A confounding factor is that unobserved characteristics affecting road development and outcomes are more likely to vary over a longer period of time.
In this study, we augmented an existing rich household panel of households (pre-and postprogram) with a new follow-up survey round. With the new round of data, we use a dynamic panel data approach estimated by GMM (Arellano and Bond 1991; Jalan and Ravaliion 1998) to test for impacts, which allow us to account for time-varying unobserved heterogeneity.
We find that most of the effects on household per capita expenditure, schooling enrollment, Distributional impacts of rural road investments are also an important policy concern. We examine these effects through (i) access, using data on distance to the project road and new data on quality of road paving and (ii) quantile regressions examining the effect of the road project by households' initial position in the outcome distribution. We find that much of the overall project impact, including asset accumulation, is explained by road quality. The quantile results indicate that the initially poorest households have not shared in the benefits of rural roads; at most, households between the 25 th and 50 th percentile of per capita food expenditure have experienced positive gains.
Households in this middle part of the distribution may be the most mobile in terms of changing sectors of activity away from agriculture and toward non-farm work. The very poorest households, however, may not be as able to capture the cost and productivity benefits of the road project. 
